Recent studies have shown that counting citations from books can help scholarly impact assessment and that Google Books (GB) is a useful source of such citation counts, despite its lack of a public citation index. Searching GB for citations produces approximate matches, however, and so its raw results need timeconsuming human filtering. In response, this article introduces a method to automatically remove false and irrelevant matches from GB citation searches in addition to introducing refinements to a previous GB manual citation extraction method. The method was evaluated by manual checking of sampled GB results and comparing citations to about 14,500 monographs in the Thomson Reuters Book Citation Index (BKCI) against automatically extracted citations from GB across 24 subject areas. GB citations were 103% to 137% as numerous as BKCI citations in the humanities, except for tourism (72%) and linguistics (91%), 46% to 85% in social sciences, but only 8% to 53% in the sciences. In all cases, however, GB found substantially more citing books than did BKCI, with BKCI's results coming predominantly from journal articles. Moderate correlations between the GB and BKCI citation counts in social sciences and humanities, with most BKCI results coming from journal articles rather than books, suggests that they could measure the different aspects of impact, however.
Introduction
Books are major scholarly outputs in many social sciences and humanities disciplines and are therefore important for research evaluation (e.g., Moed, 2005; Nederhof, 2006; Huang & Chang, 2008) . For instance, about a third of the submissions in social sciences and humanities fields to the 2008 U.K. Research Assessment Exercise (RAE) were books in comparison to about 1% in the sciences (Kousha, Thelwall & Rezaie, 2011) . Moreover, counting citations from books rather than journal articles can give different results when benchmarking authors (Cronin, Snyder & Atkins, 1997) and countries in the social sciences and humanities. This shows that citations from books are an important source of impact evidence that cannot be replaced by citations from journal articles. The lack of a comprehensive index for the bibliographic references of books is therefore an issue for bibliometric monitoring of research in book-based disciplines. Almost two decades ago, this led to a call to include citations from books in academic citation databases (Garfield, 1996) . Nevertheless, most previous quantitative investigations into the impact of book-based scholarship have counted citations from journal articles indexed in the commercial citation databases (Web of Science and Scopus) (e.g., Glänzel & Schoepflin, 1999; Butler & Visser, 2006; Bar-Ilan, 2010; Hammarfelt, 2011) rather than citations from other books, although some studies have manually extracted cited references from selected monographs for bibliometric analysis (e.g., Cullars, 1998; Krampen, Becker, Wahner & Montada, 2007) . There have also been initiatives to use non-citation metrics for usage assessment of books, such as counting library holdings ("libcitations") (White, Boell, Yu et al., 2009 ) and using library loan statistics (Cabezas-Clavijo et al., 2013) .
Several attempts have been made to extract citations from academic books on a large scale for citation analysis or citation searching. In 2011 Thomson Reuters introduced the Book Citation Index, a set of citations from selected academic books and book chapters that could be added to the journal citations in the Web of Science (WoS) . Whilst this is a valuable new source of book-based citations, the current (2013) version of BKCI has partial coverage of English language academic books from selected publishers and therefore should cautiously be used for evaluative purposes (Gorraiz, Purnell & Glänzel, 2013; Torres-Salinas et al., 2012 and . It is also possible to use carefully constructed queries to identify citations in books using the GB search interface (Kousha & Thelwall, 2009; Kousha, Thelwall & Rezaie, 2011) . Nevertheless, the GB citation searching needs extensive human labour to manually locate accurate citations from the GB search results, which typically include substantial numbers of approximate matches in addition to any correct matches.
The current study introduces, applies and assesses a new automatic method to extract citations from GB to eliminate the human labour needed for the previously used method (in Kousha & Thelwall, 2009) . Citations to about 14,500 BKCI-indexed books were automatically extracted from GB using this method and compared with BKCI citations in order to identify the strengths and weaknesses of the two data sources.
Background
Google Books GB (http://book.google.com) is a large collection of digitised academic and non-academic books that is constantly growing by reading or scanning books from the libraries and publishers (see also : Vincent, 2007) . In addition to citations, GB is interesting for the legal issues involved in the online availability of books (Travis, 2010; Fulda, 2012) and for its application in library services (Jackson, 2008; Leonardo, 2012) .
GB apparently covers about 30 million volumes (Darnton, 2013) , although exact details of the books included seems to be a commercial secret. GB clearly indexes a substantial fraction of the world's books, however. Out of 401 randomly selected books from WorldCat (which claims to be the world's largest library catalog) in different languages, metadata for 84% (336) were found in GB (Chen, 2012) , suggesting that GB is quite comprehensive on an international scale. A minority of these books had full-text views (8%), previews (16%, limited views of any pages) and snippets (13%, limited views of a few sentences around the search terms) (Chen, 2012) . Hence, it seems that over a third (37%) of all GB books and about a fifth (21%) of its WorldCat books have the full-text search capability in GB that is needed for citation searching. The same approach was applied to a random sample of 1,500 Hawaiian and Pacific books from a university library collection in the United States, with similar results. About 80% of the sampled books were found in GB and a third (32%) of the books were fully searchable (Weiss & James, 2013) . GB coverage of 87 core medical textbooks was found to be much higher, however: the metadata of only three titles was not found and about two-thirds (64%) were fully searchable in GB (Johnson & Lottes, 2009) .
GB includes some errors that were presumably generated by the automatic scanning process. James and Weiss (2012) examined metadata (e.g., author, title, publisher, publication year) from 400 randomly selected scanned texts, finding that 36% contained metadata errors. Of these errors, 41% were related to publishers' names, 24% to authors' names, 20% to publication dates and 15% to titles. These metadata errors should have little impact on the methods used to extract citations from GB, however, since these use the scanned text rather than metadata. In contrast, out of 2,500 pages from 50 randomly selected books, less than 1% had legibility errors (James, 2010) so the scanned text appears to be much more reliable than the metadata.
Google Books Citations
Although not a citation index, the GB full-text search can be used to locate citations in the text of digitised books. Two investigations have previously used online GB searches for manual citation extraction. A comparison of citations from online GB searches with WoS citations to over 3,500 journal articles in ten fields found that GB citations were 31%-212% as numerous as WoS citations in the social sciences and humanities, but only 3%-5% in the sciences, except for computing (46%) (Kousha & Thelwall, 2009 ). There were significant Spearman correlations between GB and WoS citation counts in the selected subject areas and this relationship was higher in social sciences and humanities than in the sciences (except for computing). The study concluded that GB citation search is valuable for research evaluation in book-based fields, although very time-consuming for large scale assessments. A follow-up study compared citations from GB searches with Scopus cited reference searches to books rather than journal articles (Kousha, Thelwall & Rezaie, 2011) . Using 1,000 books submitted to the 2008 U.K. Research Assessment Exercise in seven book-oriented subject categories, citations from GB to other books were found to be 1.4 times more numerous than citations from Scopus articles to books. This suggests that GB citations can give evidence of research impact to assist peer-review in book-oriented fields.
The Thomson Reuters Book Citation Index
Until 2011, the lack of a substantial coverage of books in WoS and related Thomson Reuters citation databases caused problems for research performance monitoring in the social sciences and humanities (e.g., Hicks, 1999; Nederhof, 2006) . For instance, a large-scale study of references from social sciences and humanities articles published [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] showed that the proportion of citations to journal articles from Thomson ISI (Now Thomson Reuters) indexed publications was almost half that for natural sciences and engineering (45% vs. 86% respectively), indicating that in the social sciences and humanities, non-serials and monographs are the majority sources of evidence, even for journal articles (Larivière, Archambault, Gingras & Vignola-Gagné, 2006) .
To include some citations from monographs, Thomson Reuters launched the BKCI in 2011 through the WoS interface, starting with books published in 2005. There were initially about 40,000 books and about 10,000 new titles were added each year, mostly from the social sciences, arts and humanities (60%), with the remainder covering science and medicine (The Book Citation Index, http://wokinfo.com/products_tools/multidisciplinary/bookcitationindex/, July 2013). The selection process is mainly restricted to English scholarly books that "present fully referenced articles of original research, or reviews of the literature". BKCI also includes textbooks for graduate or advanced research and translations of non-English works (Testa, 2011) .
It is important to discriminate between monographs and edited books because they have different citation characteristics. For example, book chapters can be highly cited and have been detectable in WoS since 2005 -in biochemistry in particular (Leydesdorff & Felt, 2012) . In contrast, although books in BKCI tend to have many references, they tend to be relatively less cited (Leydesdorff & Felt, 2012) .
In book-based subjects, the publisher of a book can be as important as the journal publishing an article in other areas. In consequence, 'Book Publishers Citation Reports' have been proposed based on BKCI data in analogy with the 'Journal Citation Reports' (TorresSalinas et al., 2012) . Nevertheless, problems of name variations of publishers, overrepresentation of English-language books, and low representation of many countries with substantial social sciences and humanities publishing (e.g., Italy, France, Germany) are major obstacles for the development of such an indicator (Torres-Salinas et al., 2012) . Moreover, since most BKCI-indexed book chapters are from a few publishers (e.g., Springer, Routledge, Palgrave, Nova Science) across all subject areas, BKCI seems to be unbalanced and missing major publishers in some fields Gorraiz, Purnell & Glänzel, 2013 ). This issue not only undermines the Book Publishers Citation Reports idea but also the use of BKCI for citation analysis Gorraiz, Purnell & Glänzel 2013) .
Research questions
The main aim of this study is to assess whether a new GB automatic citation extraction method, described in the methods section, could be useful for the citation impact assessment of academic books in science, social science and the humanities. If so, then this would make large-scale research evaluation possible based upon books. The following research questions guide this investigation.
1. Can GB automatic citation extraction give sufficient results to be a viable alternative to BKCI for the impact assessment of books? 2. How do disciplinary differences and the time from the publication of a book influence the answers to the above question?
Methods
To address the above research questions, an automatic method was developed to: (a) identify potential mentions of books in GB through queries submitted to its Application Programming Interface (API); (b) apply matching and filtering techniques to identify correct citations and remove incorrect approximate matches; and (c) to remove unwanted types of matches (e.g., advertisements, book reviews and bibliographies) from the results. The method was then evaluated and applied to compare GB citations against BKCI citations to books from 24 science, medicine, social sciences, and arts and humanities subject areas.
Research Population
Bibliographic information was extracted from BKCI for 14,487 monographs published during 2005-2010 in 24 fields. The years 2005-2010 were selected to give books at least two years to receive citations from other books and also to analyse the impact of time on the results. The 24 fields were selected to represent a range of different subject areas within each broad category. A generic alphabetical query 2 was used to retrieve all book records from the Book Citation Index-Social Sciences & Humanities (BKCI-SSH) and the Book Citation IndexScience (BKCI-S), limiting the results to 'Books' (excluding articles, editorial materials, biographical items, and reviews) within the selected subject areas. Edited books or volume series were then removed from the BKCI outputs to limit the data set to monographs through excluding records with 'Book Editor(s)' (the BE field in the BKCI output) and titles either ending with 'edition' (e.g., Laser Material Processing, 4th Edition) or with different volumes (e.g., Mechanical Systems, Classical Models, Vol II). Monographs alone were selected because the citations to individual book chapters and volume series are not included in the count of citations to whole books in BKCI, so the BKCI citation counts for edited volumes could be significant underestimates in many cases. In contrast, GB citation searches can return citations to whole edited books and their chapters, so GB and BKCI do not give comparable results for edited works and volume series. Related subject areas were merged based on WoS categories (see Table 1 ) to have a large data set for analysis and to avoid as far as possible 2. The query used in the "publication name" field was: (A* OR B* OR C* OR D* OR E* OR F* OR G* OR H* OR I* OR J* OR K* OR L* OR M* OR N* OR O* OR P* OR Q* OR R* OR S* OR T* OR U* OR V* OR W* OR X* OR Y* OR Z* OR 0* OR 1* OR 2* OR 3* OR 4* OR 5* OR 6* OR 7* OR 8* OR 9*) using individual books multiple times if they were indexed in two or more subject categories. All BKCI and GB data collection took place during April 2-5, 2013. Different GB queries for book citations using the bibliographic information from BKCI were tested in an attempt to create a search strategy with the highest accuracy and coverage of formal citations. Each query tested contained at least one author last name, the publication year, and some words from the book title. For instance, the tests revealed that phrase searches for long book titles often substantially reduced the number of correct search results (lowering recall). In contrast, using short title searches (e.g., the first two words) tended to substantially increase the number of false matches (lowering precision), especially when authors' or editors' last names were very common. To investigate this key issue, a random sample of 700 books across different fields with six or more terms in their titles was investigated. Two queries were generated for each book, one with a phrase search of the first six terms in the title and one with a phrase search of the full book title. These titles were combined with the last name of the first author or editor and the publication year. Both queries were searched through Webometric Analyst at the same time and citation counts were recorded after removing false matches. The number of correct GB citations for queries truncated to six title terms was significantly higher (median 6) than for queries with seven or more terms (median 4) for the same books (Wilcoxon signed ranks test, p=0.000).
One reason for the reduced effectiveness of queries with longer titles in GB is the occurrence of non-alphanumeric characters, such as punctuation, in titles which seems to increase the false citations rate (also reported in: Kousha, Thelwall, & Rezaie, 2011) . Metainformation within the BKCI-reported title of a book could also influence the number of matches for long title searches, such as specifications of an edition, volume or version of a book, as the underlined parts of the examples below illustrate. In the above cases a citation style might mention the same information in a different way (e.g., "2 nd Ed." instead of "2 nd Edition") or separately from the title. More fundamentally, it might make sense from an impact assessment perspective to combine the citations to all volumes, editions or versions of a text. There were also errors and missing apostrophes in some titles from BKCI data and this was the main reason for searches without any valid results for long titles. The query format that was eventually chosen combined the last name of the first author or editor, a phrase search for the first six terms in the title (or the full title if it had fewer than six terms) and the publication year.
 Step 1: Query GB using the format [first author or editor last name] "[the six first terms in the title]" [publication year].
Previous experiments with GB citation showed that many false matches occurred for books with very general single or two word titles (e.g., "Doubt" or "Music Perception") and common last author names (e.g., Smith or Jones). Although only 3% (779) of the books in the current study had either less than three words in their titles, we added the place of publication, as recorded in BKCI, to the queries for these cases to reduce the number of false results.
Removing Incorrect Matches from Google Books API Searches
The next task was to remove search matches that were incorrect in the sense of not mentioning the correct book. For instance, the query Moed "Citation analysis in research evaluation" 2005 in GB returned 15 citations inside other books as well as many incorrect matches, such as "Noisy Poems" and "Dear Mum, I miss you!", which do not cite Moed's book (see Example 2: http://cybermetrics.wlv.ac.uk/paperdata/GBExamples.doc). This shows that GB uses approximate matching and so its results must be filtered. This is a change from previous experiments using citation matching with GB, which did not find the same problem.
The GB results include a description field that can be used to assess whether a search match is correct or not. In the online version of GB search this is shown as the snippet of text describing each result. In the case of a correct match, the description tends to contain the citation itself, or at least the part of the citation that contained the query terms (the first six terms of the book title, the author last name and the publication year). Hence, query matches not containing the query terms within the description field were automatically removed.
 Step 2: remove query matches that do not contain the query terms within their description field.
Assessing Recall and Precision for GB Automatic Searches
A manual check of 335 randomly sampled results from steps 1 and 2 from all three broad areas gave an overall precision of 91%. Additional manual searches were used for each book in order to identify any obvious cases of missing relevant results and this produced 184 new citations (i.e., the automatic method missed at least 8% of the citations, a recall of up to 92%). The missing relevant results were mainly due to errors in author last names or book titles (see the next section).
Removing Correct Matches but False Citations
A set of rules was devised to remove matches that were technically correct in the sense that they mentioned the right book, but were conceptually false, in that the mentioned book was not formally cited. This extra step excluded about 8.5% of the results from 182,831 initial GB automatic searches of all books (24,140) in the study. The list below (and Example 3: http://cybermetrics.wlv.ac.uk/paperdata/GBExamples.doc) gives more details of the methods and reasons for these exclusions. self-descriptions (e.g., "is professor", "is a professor) were excluded. Author biographies often mention their previous or in press books in notes on authors and in sections about book chapter contributors. A range of short phrases commonly used in such texts was manually compiled and tested in order to exclude these. This step excluded about 4,100 matches (2.2% of the initial GB results).
Increasing Coverage (Recall) of the Citation Results
As discussed above, the automatic method did not retrieve at least 8% of the possible GB citations. Additional manual checks revealed the fact that BKCI had merged many compound last names (e.g., VanDerWurf or SutherlandAddy instead of Van Der Wurf and SutherlandAddy), omitted accents (e.g., Duhr instead of Dühr) and omitted apostrophes in titles (womens instead of women's).
To solve the first problem, when building the GB queries from BKCI, author last names were automatically split whenever a lower case letter was followed by an upper case letter. The initial letters "Mc" were ignored as an exception for splitting names in queries (e.g., McNeill). New searches were then conducted to assess whether extra citations could be identified with the revised names. The matching process in Webometric Analyst was also revised to ignore accents on characters in last names and non-alphanumeric characters in titles when matching the initial queries against GB description results. These solutions increased the number of relevant citations by about 3,000 (2% additional relevant results).
Step 1 modification: Split author last names whenever a lower case letter is followed by an upper case letter, except for Mc.
Step 2 modification: remove apostrophes, accents from characters and nonalphanumeric characters before checking queries against search results descriptions.
Results
Non-parametric Mann-Whitney U tests showed that the difference between GB and BKCI citations is statistically significant in arts and humanities (p = 0.000) and in sciences and medicine (p = 0.032), but not in the social sciences. The overall results show that the total and median GB citations to books in arts and humanities are significantly higher than BKCI citations (GB citation is 118% of BKCI citations), indicating that GB coverage of books is better for citation analysis in book-based disciplines. In contrast, in sciences and medicine BKCI citations are considerably more numerous than GB citations (BKCI citation is 385% of GB citations) due to many citations from WoS-indexed journal articles (Table 2 ). In eight social science fields there are more total BKCI citations than GB citations (BKCI citation is 169% of GB citations), the medians of GB and BKCI citations are the same (4) and the difference between the overall distribution of GB and BKCI citations is not statistically significant (p = 0.350). In eight sciences and medicine there are 385% more BKCI citations than GB citations but both have equal medians (1). This indicates that the distribution of citations in BKCI is highly skewed in science due to many highly WoS-cited monographs that received relatively few GB book citations. The high values for BKCI is possible because many BKCI citations come from journal and conference papers in WoS, whereas GB citation searches only includes books.
There are significant (p<0.01) moderate Spearman correlations between the BKCI and GB citation counts in both the social sciences (0.581) and humanities (0.570). The correlation for science and medicine is significant but much lower (0.263), perhaps because monographs are less important for transmitting scientific research. In all three broad fields correlation between filtered GB citations and BKCI citations is slightly higher than the correlation between the raw GB and BKCI citations (the final column of Table 2 ). This difference in correlations is evidence that the filtering method improves the quality of the results. This is because if the removed results are predominantly incorrect then they will have a correlation of close to zero with BKCI citations, because there is no reason for them to be related, so removing predominantly incorrect results would increase the correlation, whereas removing predominantly correct results would not be likely to affect the correlation much. 
Disciplinary Differences
There is a wide variation between individual disciplines in terms of the ratio of GB to BKCI citations, even within the same broad area (Table 3) . GB citations were 72%-137% as numerous as BKCI citations in the humanities, 46%-85% in the social sciences and 8%-53% in the sciences. In conventional arts and humanities book-based fields, such as law, literature, history, philosophy and religion, GB citations are more numerous than BKCI citations and useful in research assessment, but are less plentiful in linguistics and tourism, suggesting the significance of journal articles in these fields. In all social science fields there were more BKCI citations than GB citations. The GB median was higher in two cases (education and political science) and lower in three (geography, information science, interdisciplinary social sciences) suggesting that both books and journal articles are commonly used for research communication in the social sciences. Unsurprisingly, in journal-based fields, such as chemistry, physics and engineering, BKCI citations were many times more numerous than GB citations respectively, indicating the majority of citations to monographs coming from journal articles rather than books. 
GB and BKCI Citations over Time
Both GB and BKCI citation medians seem to increase over time in the long term, so that even the median citations for a seven year time period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) are greater than the medians for a six year time period for both GB and BKCI (Table 4 ). This suggests that long time periods are useful for the impact assessment of monographs in both GB and BKCI. 
Discussion
The automatic GB citation extraction method has some limitations. Although the testing described in the methods section seems to give a high overall accuracy and coverage for the automatic GB citation searches (over 90%), the filtering is all based upon heuristics and so it is possible that the results will be poor for some individual books. For instance, rules to filter out results with ISBNs or prices in the GB search results description field will not work in rare cases when they occur in formal cited references, such as in the title of a book or erroneously added to a reference. Another limitation is that the method used has variations for different books. For example books with short titles had extra bibliographic information added to their queries (see methods), and so their queries are likely to have lower recall. Query problems may also affect some areas more than others. Scholars in some humanities fields (e.g., literary studies) may use references in the text such as footnotes, endnotes, and in the main text more frequently for in-depth arguments (Hammarfelt, 2011 ) which seem to be more difficult to capture in GB. Moreover, the results include lists of books that are not cited but which are 'further readings', 'additional readings', 'key readings', especially in textbooks. These were kept in the results as they seem to be indicators of some kind of intellectual impact, but perhaps their value is less than that of citations. Finally, we restricted the data set to monographs and future research could analyse the difference between citations to book chapters and edited series and monographs, and perhaps also investigate the impact of disciplinary differences. An important consideration when comparing the BKCI and GB results is that BKCI integrates a large number of non-books within its citation counts (Table 5 ). In social sciences and humanities about 79% and in sciences about 92% of BKCI citations came from articles indexed by WoS databases, in comparison to 16% and 5% for book, respectively (both books and book chapters). Thus, it seems that GB reports substantially more citations from books than does BKCI, even in the sciences. Since the GB and BKCI citations are mainly from different publication types and the correlations between the GB and BKCI citation counts across subject areas are only moderate, this is evidence that they may reflect different types of impact. Citations to the top 20 highly cited books from GB without any BKCI citations in three broad fields were manually checked in order to assess whether books that could be uniquely identified as important by GB were genuinely important or whether they were anomalies caused by errors in the automatic GB search process. This sample was taken from the full original data set, including edited books. The overall precision was about 93% (Table  6 ), confirming that the books without BKCI citations were high impact publications and that the GB results were mostly correct. 
Conclusions
In answer to the first research question, the new automatic GB citation extraction method seems to give sufficient results for it to be useful in research assessment. Moreover, its value is corroborated by its significant correlation with BKCI citations, and with this correlation being higher for the filtered results than for the unfiltered results. Within the arts and humanities, it has a clear advantage over BKCI in terms of the total number of citations found. This is not true for the social sciences and science due to the inclusion of journal articles in the BKCI results. For the social sciences, the BKCI and GB results are very broadly similar in size so for social sciences research assessment it would be reasonable to combine GB results with WoS results without the books from the BKCI, but it would be better to include BKCI in order to get the widest possible range of sources of impact. For the sciences, it does not seem worth gathering citations through GB because of the lower regard for books amongst scientists and the lower proportion of GB citations compared to BKCI citations for science and medicine. In answer to the second research question, there were substantial disciplinary differences between GB and BKCI citations across and within the three broad areas. In bookbased disciplines, such as law, history, literature, art, philosophy and religion, GB citations are clearly more numerous than BKCI citations. In contrast, in sciences such as physics, chemistry, computing, engineering and mathematics BKCI citations are generally much higher than GB citations due to integrating WoS citations within BKCI.
There are several additional general advantages with using GB automatic citation searches, including the free nature of the GB API and its huge coverage of books, as verified above. With this new method it is now also possible to conduct large-scale impact assessment studies based on books with little human labour. Although GB citations could be a useful indicator to assist the peer-review process in book-oriented fields, fully automatic searches should cautiously be used for individual assessment of academics due to the possibility of significant numbers of false matches for individual books (see the discussion) and so academics should have the right to check their results if they believe them to be incorrect.
